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In this paper, a measurement of the impulse stress induced by a laser irradiation on the extracted 
human enamel was proposed. The dynamic load induced in the specimen by using elastic wave 
propagation in the long bar made of aluminum alloy was measured. The human enamel was grinded 
with the grain of #600, and fixed on the edge of the long bar. The titanium dioxide powder whose 
average diameter is 1μm was applied to the enamel surface so as to absorb the irradiation laser beam 
effectively. The laser induced stress intensity was evaluated from the dynamic strain measured by 
small semiconductor strain gauges attached on the long bar. As a result, the impulse stress induced on 
the human enamel increased with increasing the laser energy, and related to the volume of the 
prepared cavity. The laser induced stress for the removal of the unit volume of human enamel was 
0.03 Pa/mm3.  
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Fig.1 Schematic illustration of the long bar 
  Laser    Nd:YAG (PW) 
  Wavelength λ    1064 nm
  Peak power P    1 - 4 kW
  Irradiation energy E l    50 - 990 mJ/pulse
  Pulse duration τ    50, 100, 200, 400 μs
  Frequency f    1 - 99 Hz
  Optical fiber   Quartz
  Core diameter φ c    400 μm
  Numerical aperture NA    0.37
  Beam divergence angle
される窩洞との関連について調べたので，以下に報告
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式(1)～(5)よりσ L(t)およびσ R(t)を求めると，棒端面に
加えられた応力は次式で表すことができる(8)． 















































3.3 レーザ誘起衝撃応力測定方法  レーザ誘起
















Table 2  Experimental conditions 
  Strain gauge   KSP-1-350-E4
     Gauge length L s      1mm
     Resistance R s      350 Ω
  Strain gauge   KFG-1-120-C1-11
     Gauge length L w      1mm
     Resistance R w      120 Ω
  Amplifier   CDV-700A
     Frequency response      DC - 500 kHz
  Bar
     Material      Alminum alloy     (JIS A5052)
     Length L      2000 mm



























(b) Enlargement of bar tip 













































20 μm  
Fig.6  SEM image of cavity surface 

















Average particle size: 1 μm
Specimen: human enamel
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Laser energy    El   mJ/pulse  
Fig.7  Effect of laser energy on prepared cavity 
 
(b)  El =600mJ/pulse 
Fig.4  3D images of the prepared cavity 
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Fig.5  Profile of the prepared cavity 
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Number of pulse: 1
Absorbent: TiO2 powder
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Fig.10  Influence of laser energy on the induced 
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Fig.8  Output wave of strain gauge 
 
























4.2 レーザ誘起衝撃応力の出力波形  レーザ条
件がEl =990 mJ/pulseのとき，各ひずみゲージから得ら
れた出力波形について，その立ち上がりを拡大したも











































Time   ms
impulse force  
 







τ = 100 - 400 μs
El =100 - 990 mJ/pulse
Specimen: human enamel
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Fig.9  Calculated stress at bar edge 
 
Fig.11   Influence of volume of the prepared cavity 
on induced stress 
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